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liquid adsorbed by the porous solid substance 
is evaporated in at most 900 seconds and re- 
duction occurs simultaneously. 
Hereinafter, the treatment to effect simul- 
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20 the reaction to be catalyzed. The catalytically 
active material comprises silver and occasion- 
ally an oxide thereof. Such a material is 
usually most conveniently applied to the sur- 
face of the particles by wetting or impregnat- 
25 ing the carrier material with a solution of one 
or more salts of silver and after that evaporat- 
ing the solvent. The substance or substances 
dissolved in the liquid used in the impreg- 
nation stage do not as such form the desired 
30 catalytically active material, which has then 
to result from a chemical conversion viz. a 
reduction. It is as a rule advantageous to effect 
that this reduction will take place during the 
-e vaporation oHh e so l ve ntr 



room temperature or with moderate heating 
may. precede the shock-drying. 

The shock-drying is effected by means of a 65 
heated gas stream. It is often convenient when 
using this method to pass the material to be 
shock-dried countercurrently through the 
stream of gas, e.g. by letting the particles fall 
down in a stream of gas which is directed up- 70 
wardly. It will be appreciated that the most 
suitable conditions, including temperatures 
and, within the limits set above, also heating 
times are dependent on the volatility of the 
liquid. Reduced pressures may be applied to 75 
increase the evaporation, if necessary or de- 
sired. ~ — — — 



35 The present invention provides a process 
for the preparation of a silver containing 
catalyst which comprises impregnating a par- 
ticulate solid porous substance with a solution 
of a reducible silver compound and subsequent 

40 evaporation of the solvent by intimately con- 
tacting the particulate porous solid substance 
with a heated gaseous atmosphere under such 
conditions that at least 801% by volume of the 



Of course, the conditions of the shock-drying 
have to be adapted not only to the volatility of 
the solvent but also on the rate of the reduction 80 
which has to take place so that it will proceed 
to a sufficient extent. 

If between impregnation and shock-drying 
treatment part of the solvent is removed by 
pre-drying at room temperature or with 85 
moderate heating, this should not in any way 
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.We, Shell Internationale Research 
Maatschappij N.V., a company organised 
under the laws of The Netherlands, of 30 
Carel van Eylandtlaan, The Hague, The 
5 Netherlands, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 
10 The invention relates to a process for the 
preparation of a silver containing catalyst 
which consists of a particulate solid porous 
substance (also to be called the carrier mat- 
erial) with a catalytically active silver com- 
15- prising substance or composition present as a 
thin layer on the surface of the particles, in- 
cluding the inner surface of the pores. The 
particles as such, have, of course, to consist of 
some material which does not adversely affect 
20 the reaction to be catalyzed. The catalytically 
active material comprises silver and occasion- 
ally an oxide thereof. Such a material is 
usually most conveniently applied to the sur- 
face of the particles by wetting or impregnat- 
25 ing the carrier material with a solution of one 
or more salts of silver and after that evaporat- 
ing the solvent. The substance or substances 
dissolved in the liquid used in the impreg- 
nation stage do not as such form the desired 
30 catalytically active material, which has then 
to result from a chemical conversion viz. a 
reduction. It is as a rule advantageous to effect 
that this reduction will take place during the 
. evaporation of the solvents 



liquid adsorbed by the porous solid substance 
is evaporated in at most 900 seconds and re- 
duction occurs simultaneously. 

Hereinafter, the treatment to effect simul- 
taneous evaporation and reduction will be re- 
ferred to as "shock-drying" treatment. 

Preferably, at least 90j% by volume of the 
liquid is evaporated in at most 300 seconds. 
Most preferably, substantially complete 
evaporation is effected in a time between 0.5 
and 120 seconds. In those cases where the 
liquid to be removed mainly or entirely con- 
sists of water, preferred evaporation times are 
as a rule in the range of from 2 to 30 seconds. 

Prior to the shock-drying treatment part of 
the liquid originally present may be removed, 
if necessary or desired, by such methods as, for 
instance, decantation, centrifugation or filtra- 
tion. Moreover, pre-drying by evaporation at 
room temperature of with moderate heating 
may precede the shock-drying. 

The shock-drying is effected by means of a 
heated gas stream. It is often convenient when 
using this method to pass the material to be 
shock-dried countercurrently through the 
stream of gas, e.g. by letting the particles fall 
down in a stream of gas which is directed up- 
wardly. It will be appreciated that the most 
suitable conditions, including temperatures 
and, within the limits set above, also heating 
times are dependent on the volatility of the 
liquid. Reduced pressures may be applied to 
increase the evaporation, if necessary or de- 
si red. 
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The present invention provides a process 
for the preparation of a silver containing 
catalyst which comprises impregnating a par- 
ticulate solid porous substance with a solution 
of a reducible silver compound and subsequent 
evaporation of the solvent by intimately con- 
tacting the particulate porous solid substance 
with a heated gaseous atmosphere under such 
conditions that at least 801% by volume of the 



Of course, the conditions of the shock- drying 
have to be adapted not only to the volatility of 
the solvent but also on the rate of the reduction 80 
which has to take place so that it will proceed 
to a sufficient extent. 

If between impregnation and shock-drying 
treatment part of the solvent is removed by 
pre-drying at room temperature or with 85 
moderate heating, this should not in any way 
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adversely affect the chemical reduction. Losses 
of substances involved in this conversion have 
to be avoided, and, in general, care should be 
taken to ensure that the amount of the cat- 
alytically active material be not unduly re- 
duced by any treatment preceding the shock- 
drying. This is of particular importance when 
applying a pre-treatment consisting of or in- 
cluding a method as, for instance, decantation, 
centrirugation or filtration. 

There is a particularly advantageous em- 
bodiment of the process of invention which is 
applicable for drying particulate solid mat- 
erials consisting of porous particles in which 
the maximum distance along a straight line 
between two points of the space taken up by 
any one particle is in the range of from 1 to 
25 mm, in particular of from 2 to 9 mm, and 
especially in the range of from 3 to 7 mm. 
For this mpvimnm distance the term "maxi- 
mum particle diameter" will henceforward be 
employed. Of course, if a particle is spherical 
in shape, the maximum particle diameter is 
identical with the diameter of the sphere. How- 
ever, in general, the particles will have rather 
irregular shapes. It is possible to impregnate 
and shock-dry particles larger than are eventu- 
ally to be used and to break these up follow- 
ing the shock-drying treatment so as to ob- 
tain catalyst particles of such a size as is pre- 
ferable for the catalyst to be used in the 
chemical process concerned.^ 

Particles having a maximum diameter in 
the range of from 1 to 25 mm, in particular 
of from 2 to 9 mm, and especially in the range 
of from 3 to 7 mm, are advantageously shock- 
dried by allowing them to fall through a heated 
and fluidized bed of a particulate solid sub- 
stance having a much smaller maximum par- 
ticle diameter, namely of at most 0.5 mm, and 
preferably in the range of from 0.035 to 0.35 
mm. By the presence of the particles which 
form the fluidized bed the heat exchange 
between the particles to be dried and the up- 
wardly flowing gas is considerably improved. 
Accordingly, the rate of flow of the drying gas 
may be considerably reduced, and thus the 
total amount of the said gas which is required 
per kilogram of the particulate solid material 
to be dried is much less than would otherwise 
have been the case. 
The inert particles forming the fluidized bed 
" ha^isg-a-maxifflum-^aT ticle di ame ter of a t 



most 0.5 mm may be porous. However, in that 
case they should preferably, have such a pore 
structure as to provide a relatively small total 
surface area. In general, a total surface area 
of less than one m 2 per gram has been found 
desirable. Suitable porous materials include, 
for instance, pumice, ceramic materials, silicon 
carbide, silicon oxide, aluminas, and silica- 
aluminas. It is, however, preferable to employ 
inert particles which are free of pores. These, 
may, for instance, consist of such materials as 
glass or quartz. 



The catalysts prepared, hereinafter briefly 
to be denoted by the term "silver catalysts , 
are rather widely employed in oxidation pro- 
cesses involving the use of molecular oxygen 
as the oxidizing agent, for instance, the oxida- 70 
tion of lower olefins, in particular ethylene, to 
the corresponding olefin oxides, that is to 
ethylene oxide when ethylene is the starting 

™Porais particulate solid substances suitable 75 
for the preparation of silver catalysts include 
all such conventional carrier materials as, for 
instance, pumice, ceramic materials, silicon 
carbide, silicon oxide, aluminas and silica- 
aluminas. Very suitable is alpha-alumina, *» 
especially when the pore volume per gram is 
in the range of from 0.15 to 0.30 milliHtres 
and the surface area per gram is below 10 m 2 , 
and preferably below 1 m 2 . Illustrative of a 
carrier material which has been employed with 
very good results is commercially available 
alpha-alumina having a pore volume in the 
range of from 0.17 to 0.24 cc/g, a surface 
area in the range of from 0.050 to 0.055 m 2 /g. 

The particles may have the form of pellets, 
spheres, rings, cylinders or any other form 
which is current in the practice of producing 
silver catalysts. Pellets, as commercially avail- 
able, have, in general, been found to be advan- 
tageous for silver catalysts to be employed in 95 
the oxidation of ethylene to ethylene oxide ; 

It is a known practice to incorporate into 
silver catalysts one or more promoters, so as to 
enhance the activity and/or selectivity. Such 
promoters include, for instance, compounds of 100 
alkali or alkaline earth metals, lithium com- 
pounds being preferred. The compounds are, 
preferably, the oxides of the said metals and/ 
or compounds which can easily be converted 
into the oxides, for instance by a heat treat- 105 
ment, if necessary in an atmosphere of oxygen 
or an oxygen-containing gas. Examples of such 
convertible compounds are the hydroxides, 
carbonates, nitrates, acetates, propionates, 
lactates and oxalates of the metals. The pro- 110 
moters may be added to the catalyst after the 
silver has been applied to the surface of the 
particles, but it is preferable to add them to 
the support material before it is impregnated 
with a solution of one or more silver com- 115 
pounds. Particularly suitable is impregnation 
with an aqueous solution of one or more pro- 
moter s ox compounds which may be converted 



into promoters, and subjecting the support 
materials to a heat treatment at a temperature 120 
beween 350 and 650°C. Preferred are tem- 
peratures between 400 and 550°C, because 
then the best adherence of the promoters to 
the surface of the support particles is obtained. 
The heat treatment may take the form of a 125 
shock-drying treatment according to the in- 
vention but, in general, this does not present 
any advantages. 

The proportions of the promoters in the 
final catalyst need not as a rule be high. Pro- 130 
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portions between 0.03 and 0.5% by weight 
of the metals in the promoters with respect to 
the weight of the support material are usually 
found to be very satisfactory. 
5 In any case, whether or not the porous 
support particles have been pre-treated by in- 
corporating therein one or more promoters, the 
manner in which silver catalysts may be pro- 
duced whilst making use of lie present inven- 
10 tion is the same. A preferred method consists 
in impregnating the porous support particles 
with an aqueous solution of a reducible silver 
compound, taking care that prior to, simul- 
taneously with, or following the impregnation 
15 also a suitable reducing agent be applied to 
the particles, and finally subjecting the im- 
pregnated particles to a shock-drying treat- 
ment, as hereinbefore defined, under such 
conditions that during the said treatment the 
20 reducible silver compound is converted into 
metallic silver and/or silver oxide either by 
the action of the reducing agent alone or by 
the combined effect of thermal decomposition 
and the action of the reducing agent. 
25 The reducible silver compound may be any 
compound from which metallic silver may be 
readily obtained during the shock-drying 
treatment Such compounds include, for ex- 
ample, silver nitrate, silver carbonate, am- 
30 moniacal silver complexes and silver salts of 
carboxylic acids, such as formic, acetic, prop- 
ionic, malic, lactic, tartaric, salicyclic, and 
maleic acid. It is, of course, necessary in con- 
nection with the impregnation step to select 
35 a solvent in which the silver compound, con- 
cerned is sufficiently soluble. It should, prefer- 
ably, be possible to obtain concentrations of at 
least 10 g per litre, and, most preferably, 
concentrations of at least 50 g per litre. When 
40 using water as the solvent, silver nitrate may 
suitably be employed as the reducible silver 
compound. In general, the impregnation 
should be carried out in such a manner as to 
provide for a silver content of the catalyst, 
45 as finally obtained, in the range of from 3 
to 25, preferably from 5 to 15*% by weight 
with respect to the weight of the porous par- 
ticulate support material. 

Suitable reducing agents are, for example, 
50 hydrazine and hydroxylamine, but organic re- 
ducing agents are generally preferred. These 
include, for instance, ethanolamine, methanol, 
isopropyl alcohol, acetone, f ormaldehyde, 

aeetaldehy demand fumik acid. The most pre- 

55 ferred organic agents are polyhydric alcohols, 
such as propylene glycol, butylene glycol, 
polyvinyl alcohol, polyethylene glycol, poly- 
propylene glycol, glycerol, and sugars such as 
glucose and sucrose. The presence of 
60 the reducing agents during the shock- 
drying treatment is as a rule most ad- 
vantageously ensured by adding them 
to the solutions of silver compounds used to 
impregnate the support materials. In particu- 
65 lar, when employing aqueous solutions of re- 



ducible silver compounds and of polyhydric 
alcohols as the reducing agents, the incorpora- 
tion of the polyhydric alcohols in the said 
aqueous solutions may be very beneficial, since 
these compounds are surfactants, and accord- 
ingly, fahcilitate the penetration of the solu- 
tions into even the smallest pores of the sup- 
port particles. A very suitable polyhydric 
alcohol is ethylene glycol. The proportions of 
reducing agents and water in the solutions of 
silver compounds may be varied within wide 
limits, provided the amounts of reducing 
agents are balanced with the amounts of silver 
compounds in the solutions in order to ensure 
appropriate deposition of silver during the dry- 
ing treatment. Ratios by weight of water to 
reducing agents in the range of from 20 : 80 
to 80:20 are, generally, found to be the most 
effective. 

In general, the nature of the drying gas to 
be employed in the shock-drying process of 
the present invention, is not critical, provided 
it can be loaded with a sufficient amount of 
vaporized solvent in a sufficiently brief space 
of time and does not interfere with a chemical 
conversion if that has to take place in order 
to effect in situ formation of the desired 
catalytically active material. For economical 
reasons air is to be preferred, if it satisfies 
the conditions just set out. Examples of other 
drying gases which may often suitably be em- 
ployed, include argon, helium, hydrogen, car- 
bon dioxide, nitrogen and oxygen. 

When oxygen or an oxygen-containing gas 
is employed in the shock-drying treatment of 
silver catalysts, this may result in the propor- 
tion of metallic silver being reduced and that 
of silver oxide being increased. This is by no 
means objectionable and it may even be desir- 
able to effect a partial or even complete con- 
version of metallic silver into silver oxide by a 
heat treatment with oxygen or air following 
the shock-drying treatment which has been 
carried out with the use of non-oxidizing dry- 
ing-gas. Suitable temperatures of the particles 
during the shock-drying treatment are, gener- 
ally, above 250°C, and preferably between 
300 and 550°C. Of course, the temperatures 
of the gaseous heating media will as a rule be 
higher, for example, 700 or even 1000°C. 

When the shock-drying treatment is carried 
out by letting the particles to be dried fall 
through a heated and fluidized bed of an inert 
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particulate solid substance, the fluidized state 
of the particles of this inert substance is, of 120 
course, maintained by means of the upward 
stream of the drying gas. The temperature 
of the fluidized bed can be regulated according 
to circumstances, such as the material to be 
dried, the type of solvents to be removed and 125 
the type of chemical conversions take place 
during the drying treatment. However, when 
shock-drying silver catalysts, temperatures 
ranging from 200° to 900° C are as a rule the 
most suitable temperatures varying from 400° 130 
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to 800°C being usually found to be preferable. 
In general, the temperatures required are lower 
than those discussed above for the case when 
only a stream of drying gas is employed with- 

5 out a bed of fluidized particles. 

When in the production of silver catalysts 
the chemical conversion of the original silver 
compounds into metallic silver and/or silver 
oxide is effected simultaneously with the shock- 

10 drying treatment, this leads to superior proper- 
ties of the resulting silver catalysts for use in 
the oxidation of olefins to olefin oxides as com- 
pared with catalysts comprising the same pro- 
portions of the same ingredients but prepared 

15 by some other method. 

When using silver catalysts prepared in ac- 
cordance with the present invention in the 
direct oxidation of an olefin with molecular 
oxygen to the corresponding olefin oxide, con- 

20 ventional conditions, as known in the art, may 
generally be applied. Such conditions relate, 
for instance, to temperatures, pressures, resi- 
dence times, presence or absence of diluent 
materials, including, for instance, nitrogen, car- 

25 bon dioxide, steam, argon, methane or other 
saturated hydrocarbons, and presence or ab- 
sence of moderating agents to control the 
catalytic action, for example, 1,2-dichloro- 
methane or chlorinated polyphenyl compounds. 

30 Further conditions relate, for instance, to re- 
cycling of materials to a reaction zone or the 
use of a series t)f reaction zones in order to in- 
crease the yields of the desired product, and 
the use of the catalysts in a fixed bed, or al- 

35 ternatively, in a fluidized bed. 

Example I 
Preparation of silver catalysts 
Two experiments, to be denoted by the 
numbers 1 and 2, were carried out using the 
40 shock-drying treatment of the invention and 
for comparison two other experiments, to be 
denoted by the numbers 3 and 4 were carried 
out without making use of a shock-drying 
treatment. In all these experiments the support 
45- material was a particulate alpha-alumina 
with a surface area of approximately 
0.05 m 2 /g, a P ore volume of 0.23 
ml/g and a particle size between p.074 
and 0.300 mm. This support was previously 
50 dried by calcination in an oven at a tempera- 
jjire of 500°C for 2 hours; the dried support 



contained less than 0.1% w ot water. 
(1) The support material was impregnated 
with a solution of silver nitrate in a mix- 
55 ture of water and ethylene glycol con- 
taining 50% vol of water, the amount of 
impregnation liquid used being such that 
the pores were just completely filled with 
liquid. Thereafter the wet support was 
60 heated over a steam bath at 100°C with 
stirring until the particulate support ac- 
quired the nature of a free-flowing powder. 
At this stage the support contained 16.8% 
wt of liquid absorbed within the pores. 



The support particles were then subjected 65 
to a shock-drying treatment by letting 
these particles fall in a vertically posi- 
tioned glass tube at a rate of 25 g/h. An 
upward stream of oxygen having a tern- 
perature of 500°C, was passed through the 70 
tube at a rate of 5 1/h. The tube had a 
length of 40 cm and an internal diameter 
of 1 cm, the average residence time of the 
support particles in the tube was about 
3 5 s. On leaving the tube, the support 75 
contained less than 0.1% wt of liquid 
constituents (determined at room tempera- 
ture), thus indicating that the present 
rapid drying treatment had led to efficac- 
eous removal of absorbed liquid. 80 

(2) Experiment 1 was repeated with identical 
conditions, apart from the drying gas in 
the shock-drying treatment being air in- 
stead of oxygen. For the particles thus ob- 
tained the same content of liquid was 85 
found as in Experiment 1. 

(3) The support was impregnated with a solu- 
tion of silver nitrate in water and subse- 
quently pre-dried on a steam bath as des- 
cribed in experiment 1. Thereafter, the 90 
support was heated in an oven to 300° C 

in one hour and kept at that temperature 
for 2 hours. After cooling to room tem- 
perature the catalyst was ready and con- 
tained less than 0.1%wt. of liquid. 95 

(4) The support was impregnated with a solu- 
tion of silver nitrate in water and subse- 
quently pre-dried on a steam bath as des- 
cribed in experiment 1. Thereafter the 
impregnated support was completely 100 
dried, while the silver compound pre- 
cipitated in the pores of |he support was 
simultaneously reduced to 1 metallic silver, 

by passing a mixture of 10% vol of hydro- 
gen and 90% vol of nitrogen over the 105 
support at a temperature of 280°C during 
2\ hours. 

After cooling the catalyst was ready; its liquid 
content was below 0.r%w. 

In experiments 1 — 4, in each particular case 110 
the amounts of silver compounds added to the 
support were so adjusted as to give all catalysts 
the same silver content of 10.8'% w, calculated 
as metal on the weight of the support 

Activity of catalysts 115 
The catalysts^repared-in--exper4mentG 1 A • 



were tested in the oxidation of ethylene into 
ethylene oxide by means of molecular oxygen 
using a fluidized bed technique. In each test 
run 30 g of catalyst was mixed with 30 g 120 
of non-treated support particles and introduced 
into a glass tubular reactor with a length of 
50 cm and an internal diameter of 2.5 cm. At 
a pressure of 1.08 atm.abs a gaseous mixture 
of ethylene and air, in a molar ratio of 1 : 19 125 
was passed upwards through the catalyst bed 
with a space velocity (GHSV) of 1866 1/kg 
cat./h. The temperature of the fluidized bed 
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was now raised to 400°C and maintained at 
this level during 1 hour. Thereafter the tem- 
perature was lowered to 260°€ and at this 
temperature the activity and selectivity of 
the catalysts were determined and expressed 
in terms of ethylene conversion and ethylene 
oxide selectivity. This conversion is calculated 
as a percentage from the equation C=100 
(1 — X), wherein X is the ratio of the molar 
amount of ethylene in the product gas and the 
molar amount of ethylene in the feed gas. 
Selectivity is calculated as a percentage from 



the equation S = 100.Y, wherein Y is the 
molar ratio of the amount of ethylene oxide 
formed and the amount ethylene converted. 
It should be noted here that the experimental 
results given in Table I and in the other 
tables of the subsequent examples have each 
been determined independently per pass, in 
the test runs no recirculation of non-converted 
ethylene to the reactor being applied. Table I 
gives the figures found for the catalysts pre- 
pared in experiments 1 — 4. 
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Table I 



Exp. 


Preparation of Catalysts 


Performance 


Method applied 


conversion, % 


selectivity, % 


1 


shock-dried in 0 2 


42.5 


45.3 


2 


shock-dried in air 


40.9 


39.8 


3 


slowly dried at 300°C 


23.5 


38.5 


4 


reduced with H 2 


26.4 


39.6 



30 



These results demonstrate the superiority 
of the catalysts of this invention (exp. 1 and 2) 
in combining a high activity with a high 
selectivity as compared with those prepared by 
other methods (exp. 3 and 4) not included 
within the scope of this invention. 

Example II 
Effect of silver content of the catalysts. 
Catalysts were prepared as described in 



Example I, experiment 1. In the impregnation 
solutions used, the amount of silver nitrate 
was varied to give silver contents in the final 
catalysts of 10.8, 16.2 and 21.6, respectively 
(calculated as metal on support); the tempera- 
ture of the drying gas was 540°C. All other 
conditions remained unchanged. The catalysts 
were tested as described in Example I. 
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Table II 



Ag content of catalysts, % w 


Performance 


conversion, % 


selectivity, % 


10.8 


42.3 


45.2 


16.2 


46.8 


46.4 


21.6 


52.5 


47.4 



Example III 
Effect of promoting compounds. 
45 A catalyst containing 21.6%w of silver was 
prepared as described in Example II. The 
activity of this catalyst was compared with 
those of other catalysts in which promoting 
lithium compounds had been incorporated. 
50 The latter catalysts were prepared as follows: 
Before the support was impregnated with 



the solution of silver nitrate in a water/ethyl- 
ene glycol mixture containing 50%v of water, 
the support was impregnated with an aqueous 
solution of lithium .hydroxide and subsequently 
dried at a temperature of 200°C for 2 hours. 
The procedure given in Example II was fol- 
lowed. 

To prepare another catalyst, this experiment 
was repeated using lithium nitrate instead of 



10 



lithium hydroxide, all other conditions re 
maining unchanged. . 

A third catalyst was prepared employing 
simultaneous addition of lithium and silver 
compounds by impregnating the support with 
a solution of silver nitrate and lithium nitrate 
in a mixture of water and ethylene glycol con- 
taining 50% v of water and thereafter follow- 
ing the procedure of Example II. 

A fourth catalyst was prepared by starting 
with the 21.6% w silver catalyst described in 
Example II, impregnating this catalyst with a 
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solution of lithium hydroxide in water and 
drying the impregnated catalyst thus otained 
by heating in air at a temperature of 200 C 
for 2 hours. , . . , 

The amounts of lithium compounds and 
silver compounds used to prepare these pro- 
moted catalysts were such that each catalyst 
contained <U4%w of lithium (calculated as 
metal on support) and 21.6% w of silver (calcu- 
lated as metal on support). 

All catalysts were subjected to the testing 
method described in Example I. 
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Table in 



Preparation of Catalysts, 
order of addition 


Perforr 


nance 


1 


2 


conversion, % 


selectivity, % 


Ag 


none 


52.5 


47.4 


Li 


Ag 


44.5 


59.6 


Li* 


Ag 


40.1 


58.0 


Ag + Li* 


none. 


35.5 


53.8 


Ag 


Li 


33.3 


41.7 



* added as nitrate. 

The results of this table illustrate the prefer- 
ence for adding the promoting compounds 
prior to the addition of the silver compounds 
to the support. 

30 Example IV 

Heat-treatment of promoters 
Catalysts were prepared by addition of 
lithium hydroxide prior to the impregnation 
with silver nitrate solution as described in 

35 Example IH. The procedure followed here 
differed from that given in the said Example 
in that different amounts of silver nitrate were 
used. The final catalyst now contained 
0.14%w lithium and 10.8%w silver (calcu- 

40 lated as metals on the weight of the support). 



Furthermore, between the impregnation with 
lithium hydroxide and the addition of silver 
nitrate, the supports were heated in air at 
temperatures between 400 and 900°C for 
periods of 2 hours in each particular case. The 45 
remaining conditions were all identical with 
those given in the relevant experiment of Ex- 
ample hl . 

To test the performance of the catalysts 
thus obtained, 40 g of catalyst was mixed with 50 
40 g of non-treated support and introduced 
into the reactor described in Example I. Apart 
from the space velocity, now being 1400 1/Jcg 
cat/h, all other conditions were identical with 
those given for the test runs of Example I. 55 
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Table IV 





Performance 


Preparation of catalysts, 
promoter activated at 


conversion, % 


selectivity, % 


400°C 


49.3 


70.2 


500 °C 


46.1 


75.2 


550°C 


48.2 


61.8 


600 °C 


54.5 


59-3 


900 °C 


60.4 


40.7 



Example V 
Fixed-bed experiments 
For the purposes of comparison a number 
5 of different catalysts were prepared starting 
from an alpha-alumina support having a sur- 
face area of less than 1 m 2 /g, a pore volume 
of 02 ml/g and a particle size between 0.6 
and 1.6 mm. This support contained less than 
10 0.l!%w of water. . 
The first catalyst (A) was prepared by im- 
pregnating the support with an aqueous solu- 
tion of lithium hydroxide, drying and heating 
the impregnated support in air at a tempera- 
15 ture of 450°C for 2 hours and subsequently 
impregnating the support with a solution of 
silver nitrate in a ethylene glycol/water mix- 
ture containing 75"% v of water. The impreg- 
nated support was predried over a steam bath 
20 to a liquid content of 7.8%w and then shock- 
dried, applying air with a temperature of 
900° C as the drying atmosphere, the other 
conditions of the shock-drying treatment being 
identical with those described in Experiment I 3 
25 Example I. After the shock-drying the catalyst 
was ready; it contained 0.14%w of lithium, 
10.8;% w of silver (calculated as metals on 
support) and less than 0.1%w of liquid con- 
stituents. 

30 To prepare catalyst B, this experiment was 
repeated at identical conditions, apart from the 
shock-drying atmosphere now being nitrogen. 
Before being tested this catalyst was heated 
in air at 500°C for 6 hours. The composition 
_gL_o f t hr catal ystJwas 10 8%w of s flverHmd 
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0.14% of lithium, calculated as metals on 
support. 

Catalyst C was obtained by repeating the 
procedure given for catalyst A but omitting 
the addition of lithium hydroxide. 

Catalyst D was produced by impregnating 
the support with an aqueous solution of silver 
nitrate and predrying the wet support over a 
steam bath. Thereafter, the procedure given in 
Experiment 4 of Example I was repeated. 
Catalysts C and D each contained 10.8]%w of 



silver, calculated as metal on support. 

The activities and selectivities of these 
catalysts were now determined by compara- 
tively oxidizing ethylene to ethylene oxide in 
a fixed catalyst bed at a pressure of 1.08 atms. 
abs, a contact time of 8.4 seconds, and tem- 
peratures between 230 and 288°C in a re- 
actor consisting of a glass tube having an in- 
ternal diameter of 15 mm and an length of 
85 cm. This reactor was immersed in an ex- 
ternally heated fluidized bed of powdered 
silica-alumina particles acting as heat transfer 
medium. In each run 100 g of catalyst were 
placed in the reactor giving a catalyst bed 
length of 60 cm. The gaseous mixtures 
brought into contact with tlie catalysts com- 
prised 25%m ethylene, 8.7.%m oxygen and 
663 %m nitrogen, or 3!%m ethylene and 
97,%m air, respectively. Each of these mix- 
tures contained 3 x 10^°!%m, based on the 
molar amount of ethylene, of the chlorinated 
polyphenyl compound "Aroclor" 4465 as 
moderator ('Aroclor is a Registered Trade 
Mark). 

In each run an initial period of 400 hours 
operation at a constant temperature of 280°C 
and space velocity of 340 1/kg cat./h pre- 
ceded the actual test run, which was effected 
at the conditions given hereinbefore. In these 
runs the temperatures were varied in order to 
find comparative conversion percentages; the 
experiments were carried out without apply- 
ing recirculation of non-conve rted ethylene to 

— the-reactor; " 

The performance of catalysts A— D are 
reported in Table V. It is clearly apparent 
that the conversion/selectivity levels of the 
catalysts of this invention (A — C) are better 
than that of the comparative catalyst (D). It 
is added here that the catalyst A showed a 
constant performance during more than 3800 
hours, thus indicating the excellent stability 
of this catalyst. The runs with catalysts B and 
C were continued for more than 580 hours 
and more than 1200 hours, respectively. In 
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these prolonged runs, too, no decrease in catalytic activity 
served 

Table V 



f Conditions 




Performance 


Feed, molar ratio 
CH* : O s : N s 


Temp 
cat. A 


B 


C 


D+ 


conversion, 
%m 


selecti 
cat A 


vity, % 
B 


m 

C 


D+ 


25.0:8.7:66.3 
25.0:8.7:66.3 
25.0:8.7 : 66.3 
25.0:8.7:66.3 


262 
270 
280 
287 


247 
253 
264 
276 


255 
262 
272 


236 
255 
278 


9.6 
12.3 
16.4 
19.8 


78.7 
76.9 
75.2 
73.7 


79.3 
77.5 
75.4 
72.9 


75.9 
74.2 


69.2 
68.3 
65.8 


Cj>H 4 : air 
3 : 97 
3 : 97 
3 : 97 
3 : 97 


249 
260 

278 




256 
256 

279 


258 
276 
288 


43.8 
60.6 
67.0 
88.3 


82.9 
80.3 

73.5 




76.7 
72.7 

67.2 


70.4 
68.2 
66.5 



+ for comparison, not according to this invention. 

Example VI 
5 Oxidation of propylene. 

Catalyst A described in Example V was 
tested in the oxidation of propylene to propyl- 
ene oxide at temperatures of 240°C and 
328°C, respectively, a pressure of 1.08 atm. 
abs., a contact time of 9 seconds and a 
space velocity (GHSV) of 300 1/kg cat./h 
The gaseous mixture which was contacted 
with the catalyst comprised 25 «%m of propyl- 
ene, 10 %m of oxygen and 65 %m of nitro- 
gen No preceding reaction period bang ap- 
plied, the remaining conditions were the same 
as described in Example V. 

The conversion of propylene was 2 / 0 m and 
the selectvitiy to propylene oxide was 55 / 0 m 
at 240°C. At 328°C the conversion was 5 *%m 
and the selectivity towards propylene oxide 
was 20 %m. 

E xample VII 
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with a diameter of 4 cm and a length of 72.5 
cm 500 g of a powdered commercial alpha- 
alumina with a maximum particle diameter 
between 0.053 and 0.297 mm, a pore volume 
of 0.18 cm s /g and a surface area of less than 
1 m 2 /g was fluidized by means of a stream 
of air. The reactor was kept at a temperature 
of 600°C. The height of the column of fluid- 
ized particles in the reactor was about 50 cm. 

The impregnated pellets were dried by 
dropping them through the fluidized bed at a 
rate of about 1500 g/h. The residence time of 
each pellet in the fluidized bed was between 
5 and 15 seconds. 

The dried pellets were collected at the bot- 
tom of the cylindrical reactor. The solvents 
had been thoroughly removed, since heating 
of the dried pellets at 500°C for six hours 
resulted in a weight loss of only 0.6 g. 

The pellets so obtained showed good 
ca talytic activity in the oxidation of ethylene 
to I ethylene oxide with the aid o* oxygen, 
which is illustrated by the following experi- 
ment 100 g of the pellets were broken to 
particles with a diameter of 0.6—1.2 mm, and 
of these particles a fixed bed was prepared. 
Over this bed a stream consisting of 25% 
methylene, 8.7% m oxygen and 66.3;% m 
nitrogen (and containing 0.38 ppm of # a 
chlorinated polyphenyl) was led at a velocity 
of 104 I gas per kg catalyst per hour, a tem- 
perature of 275— 278°C and a residence time 
of 9.7 seconds. 
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150 g of a commercial alpha-alumina with 
25 a pore volume of 0.17 cmVg and a surface 
area of approximately 0.05 m 2 /g, in the form 
of pellets with a diameter of 5 mm, was im- 
pregnated with an aqueous solution of 0.62 g 
lithium hydroxide in 25.5 ml water. The pel- 
30 lets were calcined at 450°C for two hours; 
they contained 0.26% w Li 2 0. The pellets so 
obtained were impregnated with a solution of 
25.5 g silver nitrate in a mixture of 19.1 g 
water and 7.1 g ethylene glycoL ^ 
35. In a vertically placed cylindrical reactor 
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m The ethyleneconversion was 5%, the selec- 
tivity to ethylene oxide was 66.1% of the 
ethene converted, the remainder of the ethene 
converted being oxidized to carbon dioxide. 

Example VIII 

150 g pellets, with a diameter of 5 mm, of 
the commercial or-alumina described in Ex- 
ample I were impregnated with a solution of 
25,5 g silver nitrate in a mixture of 19 1 g 
water and 7.1 g ethylene glycol. 

£i a vertically placed cylindrical reactor 
with a diameter of 10 cm and a length of 75 
cm, 2000 g of a powdered commercial a- 
alumina with a maximum particle diameter 
between 0.053 and 0.297 mm, a pore volume 
of 0.18 cm 3 /g and a surface area of less than 
1 m 2 /g, was fluidized by means of a stream 
of air. The reactor was kept at a temperature 
of 500°C. The height of the column of 
fluidized particles was about 40 cm. 

The impregnated pellets were dried by drop- 
ping them through the fluidized bed at a rate 
of 1500 g per hour. The residence time of each 
pellet in the fluidized bed was between 8 and 
15 seconds. 

The dried pellets were collected at the bot- 
tom of the cylindrical reactor. The solvents 
had been thoroughly removed, since heating of 
the dried pellets at 500°C for six hours re- 
sulted in a weight loss of only 0.5 g. 

WHAT WE CLAIM IS : — 

1. Aprocess for the preparation of a silver 
containing catalyst, which comprises impreg- 
nating a particulate solid porous substance 
with a solution of a reducible silver compound 
and subsequent evaporation of the solvent by 
intimately contacting the particulate porous 
solid substance with a heated gaseous atmo- 
sphere under such conditions that at least 
80% by volume of the liquid adsorbed by 
the solid porous substance is evaporated in at 
most 900 seconds and reduction occurs simul- 
taneously. 

2. A process as claimed in claim 1, in 
which at least 90% by volume of the liquid 
is evaporated in at most 300 seconds. 

3. A process as claimed in claim 2, in which 
substantially complete evaporation is effected 
in a time between 0.5 and 120 seconds. 

4. A process as claimed in claim any one 
of claims 1 to 3, in which the impregnated 
poiims su bs L auce to be dried consists of par- 
ticles having a maximum particle diameter, as 
hereinbefore defined, of 1—25 mm, and in 
which the drying is effected by intimately 
contacting this particulate solid substance with 
a heated gaseous atmosphere, which comprises 
an added amount of inert solid material, the 
heated gas maintaining the said inert solid 
materials a fluidized condition, the fluidized 
inert solid material consisting of particles hav- 
ing a maximum diameter, as hereinbefore de- 
fined, of 0.5 mm and the particles to be dried 



being transported by gravity through the fluid 
bed. 

5. A process as claimed in claim 4, in which 
the inert solid material having a maximum 
particle diameter of 0.5 mm is a substantially 
non-porous substance or a porous substance 
having a surface area of less than 1 m 2 /g. 

6. A process as claimed in claim 4 or 5 
in which the inert solid material having a 
maximum particle diameter of 0.5 mm has a 
maximum particle diameter between 0.035 and 
0.35 mm, 

7. A process as claimed in any one of 
claims 4 — 6, in which the temperature of the 
fluidized bed is from 200 to 900°C. 

8. A process as claimed in claim 7, in which 
the temperature of the fluidized bed is from 
400 to 800°C 

9. A process as claimed in any one of claims 
4 — 8, in which the solid substances to be dried 

have a maximum particle diameter of 2 9 

mm. 

10. A process as claimed in claim 9, in 
which the solid substances to be dried have a 
maximum diameter of 3 — 7 mm. 

11. A process as claimed in any one of 
claims 1—10, in which the gaseous atmosphere 
is air. 

12. A process as claimed in any one of 
claims 1 to 11 in which the impregnating 
solution contains a reducing agent. 

13. A process as claimed in claim 12, in 
which the reducing agent is an organic reduc- 
ing agent. 

14. A process as claimed in claim 12 or 13, 
in which the solid porous substance has been 
impregnated with a solution of a silver com- 
pound in a mixture of a reducing agent and 
water as the solvent, the ratio by weight of the 
reducing agent and water in the solvent prefer- 
ably being in the range of from 80:20 to 
20 1 80. 

15. A process as claimed in any one of 
claims 12—14, in which the reducing agent is 
a polyhydric alcohol. w 

16. A process as claimed in claim 15, in 
which the reducing agent is ethylene glycol. 

17. A process as claimed in any one of the 
preceding claims, in which the silver compound 
is silver nitrate. 

18. A process as claimed in any one of the 
preceding claims, in which the amount of 
silver introduced into the solid porous sub- 
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stance is such as to provide for a silver con- 
tent between 5 and 15 ,0 / 0 w, calculated as silver 
metal on the weight of the solid porous sub- 
stance in the catalyst after the drying. 

19. A process as claimed in any one of the 
preceding claims, in which the particulate solid 
porous substance is an aluminium oxide. 

20; A process as claimed in claim' 19, in 
which the solid porous substance is alpha- 
alumina. r 

21. A process as claimed in any one of 
the preceding claims, in which silver catalysts 
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are prepared which comprise one or more 
compounds of alkali or alkaline earth metals 
as promoters. 

22. A process as claimed in claim zl, in 
5 which the catalyst comprises a lithium com- 
pound as the promoter. 

23. A process as claimed in claim 21 or 23, 
in which tie promoter is added to the par- 
ticulate solid porous substance before it is im- 

10 pregnated with the silver-containing solution. 

24. A process as claimed in claim 23, in 
which the addition of the promoter is effected 
by impregnating the particulate^ solid porous 
substance with an aqueous solution of one or 

15 more alkali metal and/or alkaline earth metal 
compounds and heat-treating the impregnated 
substance to effect conversion of the metal 
compounds into their oxides. 

25. A process as claimed in claim 24, in 
20 which the heat treatment is effected at a tem- 
perature between 400 and 550°C. 

26. A process as claimed in any one of 
claims 21—25, in which the amount of the 
promoter in the catalyst is between 0.03 and 

25 0.5;%w, calculated as metal on the weight 
of the solid porous substance. 

27. A process as claimed in claim 1 and 



substantially as hereinbefore described, with 
special reference to the Examples, excluding 
comparative matter contained therein. 

28 Catalyst compositions, whenever pre- 
pared by means of a process as claimed in 
any one of the preceding claims. 

29 A process for the preparation of olefin 
oxides by oxidation of olefins, in which a silver 
catalyst is employed as claimed in claim 28. # 

30. A process as claimed in claim 29, in 
which the olefin is ethylene. m 

31. A process as claimed in claim /y, in 
which the olefin is propylene. m 

32 A process as claimed in any one or 
claims 29—31 and substantially as herein- 
before described with particular reference to 
the Examples, excluding comparative matter 
contained therein. 

33. Olefin oxides whenever prepared by a 
process as claimed in any one of claims 29— 
32. 
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